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@ingle System Electwronic Voltage Regulators
4

The first electronic voltage regulator in the USSR was installed in 1939 at
ona of the Mosenergo stations for regulating the voltage of a 100,000-ki lowatt

gene;ator. Since then, over 200 regulators of this type nave been manufactured
and installed on the largest generators.

Operating experience over 8 mumber of years has shcwn that electronic volt-
age regulators are thoroughly reliable devices with the added advantages of sim-
plicity of manufacture and greate. {16xibility in their applicatior possibilities.
Their main defect, in cases where the station's own requirsments are supplied from
the cemeratur vusbars (ths principle method used at modern stations), ariees when
this supply voltage drops appreciably. Thus, in brealdowns associated with a volt-
age Grop im the network, the voltage on the station busbars will also drop by an
amount depending on ite ties with the network. This mAy reduce the ebility of
the regulator to provide the required forcing in restoring the desired voltage.

In the existing regulator design, this defect 1s eliminated, first, by
choosing the regulator parameters sc as to ensure 150-160 percent forcing under
normal conditions and, second, by providing a device for wmechanical forcing. Hov~
ever, this device was not sufficiently refined, due to the low recovory coefficient
given by the exieting minimum-voltage relays which usually does not exceed 0.85.
Increesing the recovery coefficient in the normal design adversely affecte the
reliability of the contacts. Therefore, the seiting of the minimum-voltage re-
lay cannot in practice exceed 80 percent of the rated voltage. In nany cases,
vhen a generator is operating on common busbars or through a smal) reactance, the
voltage on the generator busbars drops very 1ittle, sven with complete loss of
generator excitation; therefore & mechanical forcing arrangement with a getting
of 80 percent of rated voliage will not work.
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L Thooo dofests of the wloe wonld rogulinldr guvl ride 10 sovme changes in i
circuit and construction,

\ A 4TelM dlode s used in the measuring clement (ms in the case of the old .
’ design) for the following reasons:

1, It results in a sharp variation of the output voltage with respect to
changes in regulated voltage, thus simplifying the circuit of the other selements
of the regulator.

2. YVoltage regulation 1s obiained on the basis of the effective value.

3. The characteristic of the measuring element does not dcpend on frequen- ;
¢y, ard is nearly independent of tempsrature variatione. N

4k, The life of the diede for continucus operation is over 2 years due to T e i |
the low-f1lement voliage used. R . PR P

Type '10-15/2,000 Thyratrons, opsrating on an average current of 5 amperses,
peak cwrent 15 amperes, and lnverse vcltage 2,000 volts, arv used in the pover
element of the regulator. With such Thyratrons, the regulator can give ap out-
put vf 350 volts at 10 amperes contlnuous operation., Up to 15 eaperes farced
overloading can be meintained for not more than 2 minutes. In the new regulator
circuit, 2 specially designed electronic minimum-voliags relay, operating re-
liably with a recovery coefficient of 0.98-0,99 [3:7 is ueed instead of the nor-
mal minimum-voltage relay. Inasmuch as the relay setiing is determined by the
measuring element of the regulator itself, it can be made very near the nominal
voltage (0.95-0,97). Thus the effectiventss of mechanical forcimg will increase
considerably.

A second alteration in the regulator circuit is the inicoduction of current
compounding. (The introduction of components from tl:e current transformers in-
to the supply circuit for the plate transformer was suggested by I. A. Syromyat-
nikov in 194k). A special plate-transformer deeign 1s used in the regulator
circult, It conslste of a four-section core which has, in addition to the nor-
mal primary winding fed fram the voliage trausformer of the geuerator or froem
tho station buebars, a supplementery winding fed fram the current traneformer.
The compound operation of the generator is ensured by a suitable selection of
the phapes of tho regulavor supply voltage and current. In case of a shert cir-
cuit in the system, the decreese of plate voltage on tbe Thyratrons, caused by
the voltage drop on the station busbars, is to some extent compensated for by
the rise in plate voltage due to the increase in load current. With compounding,
the trensformer desigr provides for the possibility of supplying the rimary
voltage coil either fram a voitage transformer at the gemeratcr *orninals or from
the atation supply. In tro latter case the compound winding shculd be short-
circuited,

In the nev voltags regulator design the method of stabiliza*ion has been
changed, The olimination of self-sustained oscillations is accomplished mainly
by introducing R-C circuits intoc the measuring elemert. Only a emall part of
the exciter voltage is appiied through ihe potenticmetsr in order to obtain the
optimm form of the tranalent process.

In the old regulator design, the full exciter volitage was applied to the
flexible feedba~k circuit. This usually caused & considerable drop in the rate
of increase of exciter vortage. A variable resistor 1s provided in the diode
filement circuit whic: permits changing the balance voltage of the meaeuring
bridge during tube replacement and. for other necessary reascns. A seleniwm recti-
fier is need inutead of & kenotron in t.¢ measuring slzment.
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Double System Electronic Voltage Regulators '

In addition to the single system elzctronic regulators deacribed above, the | T R f\= N

All-Union Electrical Engineering Institute (VEI) has alsc designed and installed co
\ ‘ " at same electric power stations the so-called double system elec tronic voltage

regulators. Double system elecironic voltage regulators arse used Yor regulating

the voltage of large turbogenerators and bydrogenerators whose exciters have a

epeclal auriliary excitation winding for connecting the regulator. The parts used

are similar to those of the previously described regulator. In this cage, the

cutput from the measuring element is applied to & double amplifior circuit which

controla two Thyratrons in the power circuit, When balance ig achieved both Thy- .

ratrons stop conducting due to negative bias supplied by & special selenium recti-.. ..

Tier. Thus, the direction of current in the auxiliary coil of ‘the exciter is

controlled by the Thyratron circults. : TR .

Each Thyratron circult contains a balancing relay which controls a servomotor ’
shunt rheostat in the excitatlon circult of the main exciter. The relay operates
on & différential current from the two Thyratron circults. SO R

The regulator is also provided with a high-speed excitation and de-excitstion L i
device which operates oo maximum- end minimum-voltage relays of normal design.

In normal operation on a large hydrogenerator, the regulator is capable of .
varying the genmerator excitation by pius or minus 40-50 percent of rated value.

‘ronlc Voltage Regulatora for High-Frequency Generators

Recently, high-frequeucy generators have come into use for supplying a num-
ber of installations. The cperating conditions of these generators require the
maintenance of voltage within plus or minus one percent with sufficlently high-
speed regulator action. Carbon-pile voltage regulators cannot always satisfy
these requirements., For this reason, the All-Union Electrical Engineering
Institute has designed and manufactured e group of regulators for emall-power
high-frequency (800 cycles) generators &7.

ce The circuit is almost the same as that used for the single system electronic

voltage regulator described above. Two TG-213 type Thyratrons are used in the
pover element of the regulator, comnected in an ordinary full-vave rectifier cir-

} cuit, The use of type TC-213 Thyratrons in AC circuits with a frequency of

ot 800-1,000 cycles 1m quite rermissible. The zaxirum velus of the rectified volte

‘ age at the regulator output is 135 volts at vne ampere; the voliage is malniained N
at plus or minus 0.5 percent of st value. A apecial atabilizing device ir pc-
vided for eliminating self-sustained oscillations which, at the same time, ensures
great speed of voltage restoration 57 . When the generator lcad is altered from .
no load to nawinal load, the transiiional process i accomplished in lese than 0.1
seoond. The dimensions of the regulator are 205 x 180 x 160 millimeters and 1ts
veight 18 5.5 kilograms.

A similar type of regulator, using & ssturated coil instead of Thyretrens,
' hap also been designed. In this czse 1t was possible to eliminate the auxiliary
vxcltation supply source by means of a special relay circuit for self-exciting
the generator.

Voltage Regulators Using & Saturated Rsactor for AC Generators of Normal Frequency

The All-Union Elec*ricel Engineering Instiiute hae designed voltage regu-
lators for AC generators, using saturated reaciore. One of the regulators was “
intended fur an SGS-4.5 generator (three-phare, 4.5 kilovolt-amperes, 230 volta)
but it can zasily be adapted to other types of genmerators. The regulator utilizes
the principle of compounding with voltage correction., The ex:zitation winding is
supplied by: (1) the exciter; (2) the compounding circult; (3) the correction
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circuit. - The operating conditions are ao ~hongen thatj with o gonerator di
ratsd losd, the exciter camponent is 20 percent, the campounding circuit com.
ponent 1s 40 percent ard the ccmponent from the voltage correction circuit is ) -
L0 percent. However, the current ratios can be eltersd as required by conditions, : '

It is obvious that a voltage regulator for more powerful generators, in
particular turbogeneraters, cen be consiructed on.a similsy principls. For thias
it is advisable to dispense with the compoundling eystem end retain only the ) e T
corractive camponent. For large turbogenerators, the magnitude of the corrector g .
component in ihe exciiation current muet ususlly be smsll and therefore the g w
corrector will be comparatively emall in size., This scheme hss definits ad-
van oo over ‘the well-known corrector circuits working on the vibration mrined
ple or with electronic tubes as the power element [_’?7, A

Yoltage Regulators With Electric Mschine Amplifiers

: . : The widespread use of eleciric machine amplifiers in verious schemes of i’ o v o’ it EEDE |
e ‘ sutomatizetion and electric drive has resulted in their being used also for ! Gy SUNSI ©
voliage regulation of large AC generators. In such cases s 1t is advisable to'
insert the emplifior armeture into the excitation eclrcuit of the oxciter, This
scheme is especially sultable for generators working on long lines, aund for
e synchronous compensators inasmuch as a very emell excitaiion cwreat can be ygeq
L nd 1ts dicection caa bs altered. An induction motor, fed from the station net-
' ~ work, is used w drive the machine amplifier, The drive motor must aatisfy a
nuber of special requirements. It must have a large reserve of torque which :
will be abls, (under postbreakdown conditions when line voltage 1s low) to supply
suffliclient power to the amplifier as required by the forcing conditions of gener-
ator excitation. Moreover, a suitabie flywheel must be mounted on the drive
motor shaft so that, in case of a breakdowvn in the system (before the damaged
sectlon is cut out) the torque of the motor mey remein unaltered (so far as this
is poesible) during the shert time interval in which there may be & sharp drop
in voitage across the motor, :

A clrcult with linear and nonlinear resistances, similar to that used for a
saturated reactor regulator, can be used for the control system of an electric
machine umplifier. It 1a also possible to use circuite with electronic tubes,

In one version, a 4TslM diode with regulated filament supply is used as the meas-
wing element, as was the cage in the regulators described above. The circuit
also uses & twin triode tube (ENGM), ome half of which acts as a cathode follover,
) while the other half 1s a normal emplifiar with one of the control windings of
’ ‘the machine amplifier in its plate circult., The meynitude of the current through
] a pacond control winding is regulated by a resistcr. The magnetcmotive forces
created .y these two windings oppose eack other in the machins aempiifier magnetic
circuit.

When the voltage of the generatar increases, the tube circuits cause a rise
in curreut through the control winding ia +he 6Né4 rlate c‘rcuit. Thie resulis
R in a net decrease of magnetamotive force created by the two windings in opposi-
‘ tion and, consequently, the generator voltage drops. An R-C circult is supplied
fram the exciter voltage and forms a flexible feedback to eliminate gelf-oucil.

lations.

The uge of electric machine amplifiers for voltage.regu]ntion has the
. following advantages: _

l. The emall time constant of the amplifier makes it relativel¥ essy to

obtain a large syestem amplification factor. This results in very accurate volt- ..
age regulation and fairly rapid attenuation of the transitional process.,
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2. i I11s posalidble: i cuswre o consldersble degres of 1oroing and hende

rapid reptoration of generator veltage sfter a brsakdown.

3. The measuring element is of simple construction and 1ts low pover con-

sumption from the regulated voltege supply readily permits the vse of empll-
dimensioned &irect-sequence filters and compensators.
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